Abstract. The zinc oxide based varistor are widely used as circuit protective devices by literally absorbs these dangerous surges and spikes or grounding this unwanted magnitudes. In this research, zinc oxide is added with 0.5 mol % CaMnO 3 as an additive and 0.2 mol % of rare earth doped of lanthanum oxide. Citrate-gel method is used as fabrication method. Complex compound undergoes sintering process which varied at 900 °C, 950 °C and 1000 °C, while, the sintering time are setting at 1 hour and 2 hours.
Introduction
Zinc oxide varistors are polycrystalline ceramics consist of ZnO as a base and traces concentration of additives as dopants; formed through a sintering process. A unique grain boundary feature is eventually created inside the resultant product and responsible for the non-linear current-voltage (I-V) characteristics of the device [1, 2] . These varistors are useful for protecting a variety of electrical equipments against voltage surges and can operate repeatedly without damage. High demand on low-voltage electronics have increased the need for ZnO varistors with fast response, highly nonlinear current-voltage characteristics.
ZnO based varistor is formed with other metal oxides of small amounts such as Bi 2 O 3 , TiO 2 , Co 3 O 4 , MnO and Sb 2 O 3 [3] [4] [5] [6] [7] [8] . These additives are the main components required for improving the non-linear response and the stability of ZnO varistor [5] . In fabrication of electronic components such as varistors, the effects of dopants are very important because the electrical properties of ZnO are closely related to their composition and microstructure [9] [10] [11] [12] [13] [14] [15] . The existence of the nonlinearity regime in electrical characteristic is the most significant property of the varistors due to the conducting phase in these boundaries.
The exploration ZnO ceramics with calcium manganite perovskite is expected provide the significant improvement of electrical non-linearity coefficient as well as stability of the varistor performance against voltage surges [16] . Lanthanum oxide is added to react with ZnO and CaMnO 3 which plays an important role in the electrical behavior. The addition of La into ZnO based ceramics are said will increase lattice conductivity.
In conjunction with that, this paper presents the influence of La 2 O 3 doping on microstructure and non-linear coefficient in ZnCaMnO 3 varistor system.
Experimental
Samples were prepared by citrate gel processing based on nominal composition of 99.3 mol% ZnO +0.5 mol% CaMnO 3 +0.2 mol% La 2 O 3 . Preparation nano powders of CaMnO 3 and La 2 O 3 via citrate gel method [17] were start with raw material reagent grade of calcium acetate anhydrous, manganese acetate anhydrous, lanthanum (III) acetate and citric acid. The mixture was place in a beaker and then mixed with ZnO micro-powder and heat stirred for a couple of hours with deionized water to dissolve it. The solution was heated and dried. The complex compound was then granulated and pressed into discs of 10 mm in diameter and 1 mm in thickness approximately at a pressure of 2 tons and sintered at 900, 950 and 1000 °C sintering temperatures for 1 and 2 hours sintering time with heating and cooling rate of 2.66 °C min -1 . Silver paste was coated on both faces 5 mm in diameter of the sample and was heating at 550 °C for 10 minute to prepare the Ohmic contact on the both surfaces.
Heat profile of the as-prepared complexes compound powder was examined by Thermogravimetric analysis (TGA). Through TGA, selected characteristics of materials that exhibits either mass loss or gain due to decomposition, oxidation, or loss of volatiles (such as moisture). The existence of functional group in the complex compound was carried out by Fourier Transform Infrared (FTIR) analysis. The surface of samples was lapped and ground with SiC paper and polished with 1 micron diamond suspension to a mirror-like surface. The polished samples were thermally etched. The surface microstructure was examined by SEM (JEOL JSM-6400).
The I-V characteristic of the varistor ceramics were evaluates using a source measure unit (Keithley 236). The varistor voltage (V 1mA ) was measured at a current of 1.0 mA and the leakage current (I L ) was measured at 0.80 V 1mA . In addition, the non-linear coefficient, α was determined from the following Eq. 1: 
Results and Discussion
Based on the curve of TGA graph of the complex compound in Figure 1 th minutes of the analysis process illustrates the weight loss of the sample. This presumably happen due to the decomposition of the citric gel that may present in the sample. In the interval between 340 to 886.96 o C, the weight loss is due to the slow decomposition of carbonates and the Materials Science Forum Vol. 846 143
followed by oxidation of Ca, Mn and La compound. The suggested event occurring is tabulated in Table 1 . The FTIR analysis as in Figure 2 shows that the alcohol exists in the sample due to abortion of frequency at 3786 cm -1 . Carbonyl functional group also was detected in the sample. The result of FTIR also indicates the present of ester at frequency absorption of 1068.1 and 1046.9 cm -1 . Other than that, alkene group were detected at frequency absorption of 999.3, 813.6, and 792.4 cm -1 . No external and unwanted functional group was detected and high purity is achieved. Figure 3 shows the SEM micrographs at three different sintering temperatures (900, 950 and 1000 °C) and two sintering times (1 and 2 hours) . SEM micrographs reveal lesser void when sintering temperatures and times increased. This due to the elimination of porosity when grain growth in progress occurred and La 2 O 3 is supporting the grain growth as this material is grain enhancer [18] and an approximate three-fold increases in grain size, with maximum grain size of ~1 µm. High densed varistor ceramics is necessary to achieve good conductivity within grain-grain boundaries-grain. C. This shows that higher sintering temperature and prolonged sintering time directly affects the properties of non-linear coefficient. Similar trend was reported by Surthi et al. [19] which recorded non-linearity value between 2.6 to 32 with high sintering temperatures (1200 and 1500 o C)This due to the segregation of La 2 O 3 at the grain boundaries which probably inducing electronic interface states that can trap charges at ZnO-ZnO interface and lead to significantly increased of α values [18] . Other reason than that is high electrical conductivity is supported by varistor former, perovskite CaMnO 3 , and as a result the α values is promoted [20] . 
